[mm] 2003-368372(15.10.29) 



l^fm^l 20601910181 M: 1/ 
[ftffrB] ¥18.10.06 08.06.16 11:07 



Anal. Cham. 2003, 75, 1754-17B4 



ISSttWM 

unwind 



A Cm Primary Ion Beam System for Time of Flight 
Secondary Ion Itiass Spectrometry: Its 
Development and Secondary Ion Yield 
Characteristics 



I Woifael,* Stem Wanft* NMMas Mrcfcyw? Paul ©tenldiwopp,* »»wrfaml ml,* and 

Surface Analysis Resestch Centos, Department at&mmzty r UM$ f t AfarxfresterAMSQ 1QB, UK, and 
tor&pffi&lM CMw^ Somctt F*aik Southampton BOW TJF, ^J.K. 



A bMckmbMerfullereRe (Cm) -teed primary ion Imam 
sg-stem h&B b&m developed far routine appKcaUoo lit TOP- 
SIMS anjsfysis of organic uistaisjis. The i<om beajis- system 
Is described, and its ^dP&fm^c& is characterized. Nsno- 
amp beaiz* currents of Cgo* are obtainable in cmatlraao-os 
currisnt mod^„ C^> 2+ can. be obtained in pulsed ssode. M 
W keW, t&e beam ean be focused to less thm Zpm with 
0,1 nA curmats* TOF-SSMS stetie& <af a Susies of molec- 
ular solids af&d a rnisntbesr csf ^^iymef sjjfstesiis ssMsnoi&v^f 
and- thick Slot fwisns r&pmtfs&u "Very sigBtiflossi en- 
hsncement of secssdsiy loaa jidfds, particularly at higher 
ma&Sh wiere observed ming 10-feeV C«d* lor all samples 
other tha» FIFE, as- compared to those observed feosa 
10 keV <Sa* prlsiaty ions. Three materials (PS2000, 
lrgsfen©3£ 101© 9 FEF) were studied to detail to feBve$%aie 
primary iotHrtducedl dis^ppt^rasice (dsasiage) cross ^©c- 
tfons i© dt*tetsirie the kvcm&s>% in aeeafid&rj ksna Jbrmndofi 
sffideacy. The C 6 g disa;ppearsraice cross sections o&sesved 
Irons njcmolayer Sim PS30O0 and self-supporting PET 
Sim are close to tbo$e observed §mm Ga"* 0 , The r^stdiisif 
Cso eMdendes are 30-10®. times tfiose ateerml from 
gaUhtem The cross sections observed from Coo bombard- 
raesii ofsnaMtaysr molecular solids mre *-lOO tisaes less, 
such dial e&seirsi&Sjr $ero dai$&g® spa tteftttg Is possible. 
Use resulting efficiencies as* >10 s greater than .from 
gajfium* It is .also $h®w» that Cso primary ions do 
psmsrafe amy «i$r& iimmi j&agmeototliaiiJSB^otfierkiii 
hewtn system doesu Is sbowa to be a very feorsifole 
km benm sjstw for T0F-SXMS, delivering fesgb yield, 
dose to 10% total vlelti fowriag Mgtt-nsass ions, imd m 
thick sasaplss, <o^srln| poasfbiiity «f swalysls wll 
beyond the static limit. 

Among the suifaa an^ysls lechnkit^s, the precise cberrocal 
spedftd^ of static SIMS enables ft (a fcadcle many <tf the difiacult 
problems thrown tip by modern materials technology and the 
biosciences, .for esaraple, coatings on polymers, metals or lex tiles; 
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Womolecyfes on cells or body tissue; toxic herbiddes oa foliage; 
syniheslzedTnoIeades on cambfoatorial Hbmy beatfe, etc 1 " 8 The 
uacective to achieve the best sensitivity Is. therefore, enormous. 

A pod deal of research has been devoted to Ending methods 
of improving the efficiency of too fbrmatloa and detection la static 
SJMS. The move from qnarirupofe to time-offlHght mass sn^yxers 
ImjMoved aita!ysi« sessMvUSes by 10* to- W? It abo tkamaticaBy 
increased the size (molecular msss) of species that could be 
detected and, thus» enabled materials of much greater chemical 
compbxfiy to be analyzed. However, the yield of ions in the SIMS 
process is very tow, From most materials, < i% of species sputtered 
frosn the surface are Ionized* Photo4onizatton of the sputtered 
neutrals is proving to be art effective approach to iooeasittg yields, 
actd the aren Is t!m subject of active research In this laboratory 
and others**- 16 hi the area dcosnpound analysis, laser desorptton 
and MAXD7 have been rather successful In generaEtng Hgh yields 
of H§i mass rnolecwiar Ions ton large organic specfe"^ 1 
However, sample consumption and contsmtoattan by the MALDX 
matdx rneaa thai neither approach is app!icable for true stirfece 
analysis at ^brfOcfometBr spa dad resoludoa. The basic require- 
ment ts to signiBcan% increase the secondary ton yield ijieid 
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feeing the mimher of seco«da?y Ions delected per primary ion 
impact, particularly of high mass "molecular" components from 
the surface of complex organic and inorganic materials while at 
the same time eXerrisirig more control over molecular fi^gmeiita- 
tion of series sputtered from molecular solids. 

To date, she east majority of static SIMS systems have used 
atomic primary projectiles; hwwr, even in the early toys of static 
SIMS, it was recognised that the higher mass Xe* (av m/zl^\) 
beam generated a higher yield ctf ions to higher m/z thm Ar 4 
(m/ar 40) of a similar energy « Interest In the passible use of 
polygamic primary spedes arose over 15 years ago. First an 
SFr y& beam was developed, followed by RetV generated by 
heaflug a Ba(ReO|) 2 ceramic* 4 lor use in quadrupoie static SIMS 
systems. This waft quite successful, with evidence that yieltfs of 
molecular Eons from a number of organic molecules— codeine, 
dopamine, etc— could be increased over chose observed for Cs* 
bombardment by 10-20 tirn&s. ts 

Recent experiments and molecular dynamics theory suggest 
that tiie efficient emisste of large motolar species rtxpnres the 
«?^ acll« of a number of cascades such that a number of 
soil impacts contribute to the "lift-off" of the molecule." 5 Atomic 
primary ^rtidsss focus the energy deposition in a very small area, 
and !. 'ehere Is etfdence lhat a high proportion of the eriergy *s 
ri^p^e^ ajiBe deep In the solid. The idea behind the application 
of a ^yaftstnie primary partfde is that while it would dissociate 
gnV Sififc^ vw die surface, Because of the. spatial spread there 

sra ~ ja^jpfesh effect^ MD simulations of SOOeVC^ sputtering 
from t|e surfece of ophite has suggested that an acoustic wave 
is ga^ted that esseniiairy shakes molecules off the sur&ee> a 
The <2^ect 6" dearly spe cific to the layered character of graphite: 
^Mwewer, ^ benefits of cooperative effects generated by large 
jj^$gtp*& prefect!^ are clear. Whatever the precise mechanism, 
the eaiergy deposited per atom is lower, and hence, most of the 
energy ^ill be deposited in the surface region. Thus, the use of 
^jyaS&mte beams could he anticipated to give rise to higher yields 
of &rg3 molecules from the surface region, 
. Jn. recent years, a number of groups have demonstrated 
increased secondary ion yield using a variety of polyatomic ■ 
l^^fiBes, Ttiefchin^ iheuseaf SrV and 

s^own that fit can result in very significant increases in secondary 
km yield, as compared to atfcmfc projectiles, such as Ar+ Xe*, 
and IpafS* Mom sigaificant was the feet that there were large 
Increases ki ion forrnatkm eBcimcy (defined as yield per unit of 
sarfecq damage: see below). WhOe tbe sputter rale and damage 
^gsa sextons did increase, the secondary km yield increase was 
. yerjr much greater.' 
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it Is the research carried out by gmu|>s in Texss and atOrsay 
ki France into the enhancement d" the st^ondajy ion yield using 
gold ckist&r ions An/, as ttimpared to ioas farmed from a number 
of large organic molecules. Including Cm and C^H it (com- 
nerse}® 2 * 23 thai has formed the principal stimulation for the \ 
present studies. Au„* ions, where 17=1-5, from a heated grid 
source were shown to deliver strongly nonlinear increases in 
secondary km yisMs from organic stjrfaces, such as phenylalanine 
or fatly acid LB films such that the yield of the (if - H)" per 
gold atom ai the same energy per gold atom varied as 1:4:8:12 
for Au/Au 2 /Au»/An|. This behavior was compared with sputter 
yields generated by large organic cluster Jons, such as C^f and 
Cg<Hi2 + generated from a film &f the organic materials (0* or 
C 2i Hiz) "sing fission fragments from the decay of ^f. The yield 
per unit mass of these tons was 4-5 times higher than for the 
gold projectiles of smtiSar mass. 2 * However, the nonlinear effect 
seen for gold is not observed for these large jnnitatomic particles; 
eafher, the yield rises linearly with molecular mass. At a given 
total kinetic energy, the amount of" energy deposited per volume 
unit to the soifd appears to depend on the number of atoms in 
the projectiles. A TRIM calculation suggests that 264ceV 
deposits most of its energy within 30 A of the surface, whereas 
Aiju , which has a very sarailar mass, deposes its energy very much 
deeper in the solid, I IB A. The shallow penetration depth and 
high secondary ion yield make these two ion systems very 
attractive as extremely surface sensifeW high^ield primary 
projectiles for static SIMS analysis and molecular imaging. 
provides the opportunity io investigate and optimize the effect of 
projectile energy (fVora a few electron-vote per carbon atom to 
hundreds of electron-volts per carbon atom) on the yield of 
mofeciilar kms and their fragmentation. Gold polyatomic beams 
horn a liquid metal source offer the possibility of fjptim Izing yield 
with good spatial resolution. Frelmimary reports have described 
our early resnlts.^' 25 This oaper describes in detail me develop- 
meal of a practical and tnbttst Ion beam system and an 
investigation -of its, seeaadary ion yield characteristics from a range 
of Inorganic and organic materials. A subsequent paper v/ill 
describe a similar study of gold cluster ion beam system* 

The aim was to produce a practical and robust primary ion 
beam system based on Cm for incornoratitDn on current and future 
TOF-SfMS systems. Hie desigpi spciScaiion called for a primary 
ion energy range of delivering ^1 nA continuous 

beam flux into a team focus of <lM>?m, \ 

mi Kdtter, P.; Swwlufilwrai, A. Aj&L &irf Set 1&08, J 13, 4T. 

C2»> Bcussofiane-aats tfic, K; Boi^tSi.; fisisBscBa, A4 DeB&l&spR, S,; 

(2t) L« (3ey«Cv Y_ iat X M&sz SftoxstiHSk, $W9Qi 27% JflfL 

(2^) Kaerchen R. C: da Stinim, tL^JfrnaiVdtic. C, V4 Sch«««u»t E. A. 

Hod AtsirM* tr&t/tods ld®% mfti&t. ' ' 
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1. Schematic of gun ian optics. 



Source. Several source designs were considered: a plasma 
source, an thermal eSusfae source, and direct sputtering of the 
source materials by a small externa* ton beam. The final soarce 
design was bs&sed on trie ef&isfve source. It has proved to be simple 
to implement. End It has enabled, the design specifications to be 
exceeded. A GJ*g portion of powder is healed at the rear of 
the source to a temperature of —475 *C. d» evaporates (-S k 
lO~t rubar) and is directed Into the center of an Ionization ceB 
(It rough a nozzle, k circular filament surretnKts this ctlt with a 
concentric cylindrical grid that accelerates electrons Srom the 
iaiamumt into the center of the source. The predominant Ionization 
process resulting from collisions between low-energy electrons 
and Ceo molecules is the formation of C» + . with lesser cross 
sections for multiply charged C*,, ions and for positively charged 
fragjrfents. 27 Hie ttfettme of a Cga charge is hi excess of 500 h 

Ian Optics, Folic wing detailed Ion optica] modeling using ZD 
SZMICN* the son beam system shown In Figure I was consirucicd, 
Positive Cu tons are extracted from a fairly diffuse source region 
by a conical electrode and brought to a strongly dema&rtiSed field 
fenage fust inside the extractor. Ihe first lens then focuses the 
beam to an Intermediate field imago near the midpoint of the 
cxi bum The beam is apertur&d for angular acceptance in this.part 
of the cokonn. A strongly deuwgnifying lens (lens 2) brings the 
beam to a final focus at rhe sample/ The demagrrirymg nature of 
the optics means thai a reasonably small spot size cm he attained 
despite the relafivery dlfiuse nature of the source. For operation 
at high spatial resolution, a Jot of beam current Is necessarily 
rejected within the column. However, the output from the source 
has proved sulRdeit to give a more than adequate beam for 
TOF^IMS. 

For TOFrSIMS analysis, it is necessary to chop the beam into 
short pokes, and the probe should not move across the sample 
at the beginning or cad of the pulses, lens a (Figure I) focuses 
the km beam to an intermediate field image between a pair of 
poking plates {first pufcser) . Lens 2 then transmits this intermedin 

(2TJ MaiL Ua Denser. Leahis. M: Deuisck H.z Becker. Stawaatovic A.: 
Scheie*. ?.; MM, T. Ih J. C&enJ. i^a. 1986. J<55. IKB0. 
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ate image into the final focus on the sample. Hence, when the 
beam is deflected by these plates, ihereis no apparent change in 
the position of lens 2"s object, and so no movement of the final 
image emotionless blanking") „ In reality, aberrations in the beam 
originating from the source geometry cause some movement or 
change in beam shape; out these effects are not severe in retauon 
to the target spatial resolution of the system, it Is desirable to 
eliminate any neutrals from the beam* because they will not be 
focused. This is achieved! by a 1* bend in the optical column, 

Mass FUJerisag. To obtain clean, short pulses of uniform 
intensity, the beam ts mass-filtered using a double chopping 
system, sometimes knoum as a mass gate. Ions of different masses 
or charges in the beam travel down the column ai different 
velocities. By placing a second pulsar further down the column* 
operated at a controlled time delay after the first putser. sections 
of the pulse coftespondbig to a particular mass range can he 
selected. The limitation of this technique is &at the second puiser 
must operate in am interval between two discrete masses if 
-motionless" pulsing is to be preserved The double chopping 
system installed in the corcrnn am separate C» + from C»* with 
pulses up to 150 ns, and C®f + kmn. with pulses up w 600 ns. 
These figure apply when tsmnfag the gun at 20 keV; longer pulses 
can be used with tower emerges, . 

Bouhle-Deflectkm Bstift Scjegm^ A critical feature of ihe 
ion optics is that title secondle^^uld he strongly demagniryiag , 
and this means placing it ixit.tSfo to the sample as possible. 
Therefore, it was desirable m use double deflection before the 
lens, and this method of s^agm^ng^ used fat both x and y. 

Other etexrasfits of 1he iosib^J.^Steni shown in the schematic 
are (a) T*o alignment urife- j^s^ rir* quadruple deflection 
plates used lo bring the o« to the optical m&> 

compensating any drift off-e^ftitfce- etfjra^an/ta? I region, 
ft) Beam shaping This is an octopde arrangeroeTit for optimizing 
the probe shape, (c) Pulse btmcfaer.Thlsisa chamber with front 
and rear electrodes. If a poise is applied to the rear electrode as 
the beam pulse passes through the chamber, the beam pulse is 
compressed into a shorter time. This is used when high-mass 
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resofoUott analysis is required and when the primary ion beam 
pulse is tbe time reference for tbe TOP analyzer, (d) Setec&bte 
anerfttres. A selection of 5 removable apenures can be moved 
onto the optical axis to change the angular acceptance of the 
column. Thus, the column can run with high, current and low 
spatial resolution* or lower current and high spab'al resctoibon. 

p-EmwmmcB of €«» smutcE mm mm bwmm 
ooumm 

The C$9 primary beam system was mounted on the BIoTOB- 
SIMS system, described elsewhere, 2 * The axis of the primary Urn 
gun is inclined at an angle of SO* m the target surface. S&corsdarv 
ions are extracted Into the TOP analyzer fay biasing the sample 
stage £ZJS keV relative to the esrtraetion optics. All of the beam 
testing and Spectral information was obtained using mis analyzer. 
AHkfugb the ion beam system can be operated up to 25 KeV, the 
studies reported here utilized a prototype power supply floating 
the somce to 1 2^5 keY> which limited the beam Impact energy to 
lO keV in po&five 1on mode and 15 haV In negative Ion moda 
Secondary Ion detection is.tr/ single Ion counting via a Sfei Galileo 
rnicmchamiel plate detector fitted with a facUhy to postacceterate 
tacomtog Ions up to 23 feeV to enhance high-mass detection. 
'J When the aligament of the source and Jens voltages were 
npamfeed, an electron beam ftiammti current of LB A gave a 
reta^n^m mtal targes current of up to 2 nA of pure C® 4 at 22.5 
M,i«5tng the lOGChwm aperture. Raising the source heater 
fieoiperature to S0t> C Increased the target current lo 3 nA, The 
source grid voltage, which centrals eleoron energy. influences 
botf* target current and beam composition^ A grid voltage of 75 V 
dejtaers maximum total target cnrmnJL 

^..Bteaan composition can be estimated from the various ccmtrlbu- 
fkjm to i 51MS spectrum of a metal surface generated by an 
imfiltered primary ion beam. Varying the chopper delay tiroes 
relative to the hfenkuig voltage demonstrated that there are two 
prl^c^ coooibirtiomto 
• M$h#& relative to the blanking poise) and C&f {Z7$ns 
^iay). fogrnentHtlon of C«j + ami Q« z ^ sons snakes a very rrrincrr 
ciniijp^on to die total beam at operational grid voltages* <Di& 
Ji^.bdiiw 45 V. Ct losses do become more fmportani at higher 
gjrjjji voltages. ~J0% at -70 V and 35% at 120V. % varying the 
grM voltage, the beam composition can be optimized. Measure- 
ments terns shown thai the secondary ion yield from C» t+ 
borabaro^nent is ZA times mar from Cm* at the same beam 
a^co^eration potential #.<l, when the beam twice the 
.energ^ of the <V* beam). Convening the observed absolute Ai 
top yield from Ai foil as a measure of primary beam fhoc, Figure 
Z plots the relative flaxes of <V and as a function of grid 
' .voltage.' .. 

Thus, a grid voltage of 25 V gives s relattvefy dean continooiis 
C^- beam. A 0.5-1-nA CV contmuoos current can be obtained 
through a iO0%rm aperture. This is stable within ~!096 over a 
oeSod of ll h. As the Cgc charge nears the end of)ts life, the beam 
oument begins to decay, and this level of stability is lost. If the 
beam is mass-filtered using me beam chopper (or mass gate), 
ff^irnum (V target currents can be achieved at 50 V gdd 
voitaga At 75 V, we should esfpect some minor contribution of 

C2SD team. R. Btenklnsopp, Muilodc S. U CorHst. C; Wffley, K. I- 
? -3 ^ Vfc&renKt. i. C; WinogyadL M. ftepid Cemmun. Mass Spectwm. I SOS, iZ 
1346. 
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0,0 50-6 160.0 2fKS.fi 

F%pr#&> C*$o* and CW*" pamary km'fkm relative to ihe ro&xirmjrrc 
Cjto ton flux a® a iundktn of Ion «oUft» gris" w&Sae*, 




Fipir® *. Pt^tfve TOF-SIMS spectrum of using 
impact C«r and Ga+. Doss Oone): Cee+. <05 x Os*,4.3 x 
10*. 



smaller iuUesene fragments* Nevertheless, they are efficiently 
filtered by tihe mass gale at 12.5 keV of energy. When is 
selected, the beam energy is effectively doubled. In most of me 
studies reported here, the ion beam was operated with a 40ns 
poise width arnd at 12.5 keV beam energf. This poise width limits 
the mass resolution obtained in the preseni experiments to 
m/Bm ISO at tnfz 120: however, usmg the beam buacher. 
mass resolution in excess of 20QG can be obtained. 

The ion optica] design has enabled ~3^«n spatial resolution 
to be measured from a copped grid of 150 mesh, with the tQ\htm 
beam forming aperture and 04*nA aarrent. The power 
supply should enable a smal^bea«w diameter to be attained (< l 
pm) . Thus. o3M*aiienaUy, the ion beam system h as more than met 
all of the design SpeeiScalfcHk 

results Mm wmsm&tim 

Inorganic Stsndards. imtoek^zssni of the new km beam 
system was primarily dlre<iea;"*«ifar4 increasing; secondary ion 
yields particularly in the hljHm&s* "molecular" region from 
organic and bioorganic mat^ris!^ Is; however, conventional to 
onantify the performance of ion beams together with the 

analysis detection system nsn% Inorganic targets, such as 
alummom and silicon. We have used slummum, copper, silyer, 
and gold foils. Tbey w*re etdbed (100 k 100 am) under a 
contlnuotts I2.54eV Ck>* beam to various dose levels (J9 ,z Jons 
rrn'^ tons cm" 2 : static burnt 1C 1 * ions cm' 2 and ID 15 tens car 2 ) 
to monitor the spectral yifekJ, the surface cleaning effects^ tbe yield 

Arratytkai Shimmy, VoL r& Ab. 7 t AptM t £W$ 1757 
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of elemental ions per nC. and whether any carbon deposition 
occurred. For aluminum, (She positive ion spectrum beJowthe sialic 
limit shows evidence of surface hyrfrncafbori and MjOjrM : 0 peaks 
characteristic of hydrojcylated aluminum surfaces. Beyond the 
static limit, the hydrocarbons and hydroxides are removed. The 
surface is essentially 'clean* metal after a dose of L0 M primary 
ions on -2 (10 times the sfatsc limit). There is no evidence of airy 
significant carbon deposition In the positive Ion mode, and the 
yield fs 2.5 * ]Q* counts »AIVnC using a 12.5-JceV C«,* beam. 
This is of die same orcfer as the standard accepted TOF-SIMS 
performance parameter using ~2G-keV Ga* oflO 8 couots^AlV 
/2C primary heam dose. The performance nf the BioTOF-SIMS 
with 22 keV of posfacceteraflfifi on the detetfor is >5 * I0 8 
coungs^Al+Ar^C using a 25-keV Ge* beam. 

In the negative ion spectrum of aluminum, It Is clear chat In 
addition to itsddua! AD and signals, at high dose, >1D W 
ions cm" 2 signals are observed because of where a = 2, 3, 
4 species, suggesting the forma Bon of a surface carbide. On gold 
above 10" ions cm" 2 , signals eke to C n ~ where n = 2-16 and 
AuCr where n? -2.18,8 are observed to grow. Similar behavior 
was observed on silver. On copper after S x 10'* ions enr* (or 
5CCx the static limit), there was evidence of a weak C 4 - signal 
and the growth of CoaCj*\ Thus, CbT is effective as a primary Ion 
beam for surfece deaning; however; the deposition of carbon 
occurs at high ion doses. There is no evidence of C&& deposition 
at the energies used At 10 keV impact, extensive fragmentation 
of the motecule is expected, although destruction into single 
carbon atoms may not be complete, 23 

In Ugh! of die subsequent results reported here, ft is interesting 
that there is no ml enhancement of Secondary ion yield on 
sputtering metallic samples, The relative yield of metallic dusters 
MP appears to be somewhat different from those observed using 
other fan beams. These observations will bo reported fin more 
detail in a subsequent paper, 81 

Organic Materials. Two sets of materials that are generally 
accepted as representative of molecular solids and polymers have 
beeu studied 31 The aim Is to compare yield and fragmentation 
data under 1 2L5-keV Ga* and 12-5*feeV Cgf ion bsntadmaret The 
molecular solids consist of a peptide, gramicidin L); an antioxidant. 
Irgancx IDlfi: a lipid, dipalmitoyl phnsphatyldylciioUne, DPPC; 
y^ydodeaarln (Cavarnax WS): and a very low molecular weight 
polystyrene, The polymers consist of, pory(e*%fene- 

terephtbaJate), PET; poJystyrene, PS; and poly ttetrafluoroethyi- 
ene), PTFE. Three types of sample wens studie± thin sub-/ 
monolayer Shns and thick muiolayer films supported on silicon 
wafers or litfek self-sapporting films. 

Spectra &&m Molecular Softds* The spectrum of PS2000 is 
typical of those obtained from the molecular solids and, indeed, 
the polymers. Figure 3 shows the poskive ion spectra obtained at 
10 keV impact energy for G&f and Ga* Spectml acquisition took 
—ISO s for Csa + . For afl of the samples studied, a large increase 
in secoaidary ion yield is apparent using the C»+ primary fens, 
and this fs especially evident in the higher mess region. 



(28) Beck. JL D.; R**enfc*sn$B5\ J.: Wel$, P.; Kappes, MM./ C&sm. Fig* l&m, 

C30) Wefoul. Lcckyer, N. Vicfcennan. J. C To be submin^ to /. Ph/s. 
Cham, 

(31) The: Static SIMS Litem?, VenJm AVkAwman. J, C. Briggs. D„ HMidetaMMt 
A., Eds.: SurfacsS pedre Lid; Mandh«i«. 8002. 
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Spectra, from Poryraexs. The same observations were ob- 
tained from the pdymer materials. Again, there is a very 
considerable increase in yield such that the oligomer distribution 
Is dearly ooservaote Scam a polymer film when C^* is used. 

Yield Enhancement. In the following, the aim is to assess 
secondary ion yields generated try Q% + relative to other ion beams 
(malnty Ga*) as appSed In TOF-SIMS. We therefore use ths 
measures of performancfi generally used £n static SIMS re- 
sesreh; yield, damage or disappearance cross section, and 
secondary ion formation efBdeoey. These are defined as they are 
used and are summarized very nicely by Kdtter and Bentrioghoyen. 
in ref 10. The precise variation of secondary Ion yield with mass 
observed will vary from instrument 10 instrument, depending 
among other things on ion optical configuration of TOF-SIMS 
instrument and whether the detector is fined with postaoceleratlon 
facilities to enhance the detection of high mass (>MK>-Da) ions. 
At present, the only reHabfe way to compare relative performance 
of TOF-SIMS instrumeiits Is by obtaining data frons identical 
samples on the instruments to be compaied. Most of the data 
reported are from our BioTOF-SIMS. but we have compared 
performance with an IONTOF IV. 

Table i summarizes the yield increases for a number of 
materials. The general conclusion is that under C&* bombard" 
merit ytekk avsniti Increase fym excess of 30 times. Some molmular 
ions can be detected oaf/ with The yield enhancements vary 
across the mass scale, in the majority of cases increasing with 
mass. A curiosity is that although an enhancement is observed 
from PTFE, it is ernry between Z and lft t much smaller than, that 
observed from other materials. This agrees with a similar 
observation made by Sennhsgaoven et at 1 * tinder SF 5 + bomhard- 
menL At the time, U was thought that this lower enhancement 
might be due to the fact that Suortae fontned part of the primary 
ion. This is dearly not the case. Toe mecbardsm of sputtering or 
secofKferyion formadon frs»a PTFE must he cBferem firam ochcr 

polymers. 

In assessing the relative benefits of C^* as a primary ton for 
TOF-SIMS, it Is relevant to assess performance relative toother 
atomic and polyatomic tons. At present the most widely used 
polyatomic km in practical TOF-SIMS analysis is 5F S + . We do not 
have an SF 5 * beam line, so we are unable to make direct 
experimeniai rarnpamon with Cb + performance within our own 
instrument. Comparison with SF 5 + performance in an rONTOF 
instrument at the U.K Na&omd Physical Laboratory has been 
possible, and this wflJ be disced hm. However, as IncBcated 
earlier, we have also e^<?re4,,ffie, p^fisrmance of atomic gold 
and gold duster, ions. 26 ¥^S^^sp^3s^& the yields Bar PET. ft. 
can he seen that for the geoi^StSdof^rge molecular ions. <V 
oeiivers the highest yield, ew^^^spred to Mf* 

Although most of am* s^ud^J^^^eeo limited to l^S-keV 
primary beam energy (j^ld^^S^^' energies of 10 keV for 
positive Ions and 15 keV tsr ^r^miioii^, It has been possible 
lo assess the effect of beam em^^N^^Id in the range up to 3d 
keV by combining data oteain^;ai»^^^ of energy using 
both Ckj + and <W*. Figure fr^j^^ the yield rises with 
primary 5 on energy in both ^el^il8H0» and the mfz 
2500 ranges. However, the relative yields increase proportionately 
more in the high-mass region, suggesting that there are yield 
benefits to be gained by working at even higher primary e**ei*gie$. 
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Tafate 1. A&salute an4 Relative Secondary ten ¥t&Jds 
?w Bitfk ami Spii* Coated PoSymor St«rtoce$ »*u* 
Organic Compounds 



PET (bulk film), 
preliive ion p. 
!0.QkeV. 
CV and Ga"" 
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Monolayer), 
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t0.8keV, 
C** + and Ga* 



PTTE (tape}, 
ptJSUivu torn* 
10.O keV, 
CW" ami Ga* 



(tfiick film), 
negative tuns, 

Ca?"* and Ga~ 



frganojr KM 0 
{thick film) , 
positive kms. 

Ca» T and Ga*" 



GrarrrkrEdin O (chin 
sp&i.ca«ii OliuJ. 
negative kms. 
15XJ KeV. 
Cea^ and Ca » 



Cvdodwclrin 
" CavamaxW8(t 

spiiKas* flint), 
positive Jons, 
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Geo* and Ga~ 
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Carsf^l exaxninaiion of the energy-dirpci jdLMiti' <Jhiu also suggeKL% 
there may Lx? a sputtering threshuld si Urtv p«1iriar> ! twites. This 
win b& examined in more derail eis^vfier4? * 




Figure 4, Companson of posiOve secondary ioo yialds during 
analysis of PET using Au*. Au»*. and C»,^ primaify ions at 10-keV 
impact energy. 
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Primary ion energy {k©V) 

Fl^wm 5. Relative secondary Ion yieid from gmrrmiim D wttn 
respect to total yield as a function of primary ion impact energy. 
Primary Jons CW (6.5, 7£, 10, t2.5 t IS kaV) and Cen?" 03. 15. 20. 
25, 30 KeV). 

HtrlaUve tog me rat Yield. Single eveitt-byevent obsenraLk>ii?> 
hav-ti iju^esitK] thai there is *n increatse in tow^rtfiss rrogmcnt 
yield accDmpsnylng the ovanaH incTeasB m yield. 3 * The implication 
is thai the potyalomk: primary ions break up ihe target molecuiar 
suueture or impart more Internal energy than atomic tons. 
However, ihiu experiment examines ir«s ion yield (torn Uiscreie 
ion impacts on an essentia Hy vitgm surfacti. The fragment yietils 
arn ^se rragnteni* produced from a single Inn impact as tttiiipared 
t&UiR f«ian yield Trom a single Irnpact, bi general. IVagmc(Ujfl(ilcls 
were signOk-azitJy higher for single impacts of Cas- as compare'*! 
to the aioniic pi^jt»<:iilrs» CvTbe- lonyieMs here ace the summaiion 
of many millions of events, giving a lotal Ion dose of primary Jons 
\)t 10 s to KP. ExamtomiW of the relative Ion yields, V^JV^. as a 
fUrHimrt of mas$ for all the materials shows char then? is no 
convincing evlHunce of a significant relaiive increase hi fow-wajas 
Trammel tf yk-ld using C% (see figure 5 for gramicidin) . The daia 
in Figure 5 alMi suggest that relative fragment yield does not 
increase with energy. 

f3?l l>tdha^^^l. C .VI.: Va»> Sikpdonlf .M.J.:Schwclkisri. B, A. /«./ i^itw ^ninwri. 
2001.207. ill. 
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Tab!* 2L Yleldte <V p€-*)k Di&spp&arawce Cross Se^iitms fa (X")>, and Sectmtfcsry Ion Fwm^iion Elflcieriet&s {£* (X» 
for and Ga^ Etomfeardment of f»£T, PS2O0XJ, antS Irganox fOi O 



(positive tons. trj.OkeV, C^r and Ga + ) 
PET MFsupporring thick Rlru) 



P52B0Q (spiii-coated monolayer) 



PS20G0 (iltick mtiltiiaycr ftim} 



Irganox 1010 (thick multilayer Him) 
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Mass rano© 

P Igpant 8. Relative Ion yields In specific mass ranges observed usiog 
Csj + ar^ Oa* primary forts, from gramicidin D. 

Disappearance (Damage) Cross Sections. While very 
considerable increases in ion yield have Imen observpd using Ceo 
primaiy forts, thfc rtiosi significant parameter is v)n*Jrw Ujh ion 
yield relative to the arooemt of material removed from the surface 
has Increased, To seek to measure this, the parameter efficiency, 
being the ion yield relative to the disappearance cress section, 
has been defined 1 *. The disappearance cross section, o, is 
frequently measured by fallowing the decrease of mass spectral 
peaks, which are thought to be a measure of ihe sujtface 
coflccntratitort of the chemistry being studied. Peaks tiiat fiaw a 
clear structural relationship to the material being sputtered are 
generally chosen. However, it is important to note that the decay 
ai such a peak can imply either (or both) the actual removal of 
the compound from the surface by sputtering o? tin destrutitori 
of the chemical structure by the bombardment prtMuau (bcitce, 
the paramejer Is some* imes retired to as \hu damage cross 
section), Using this approach, n has been measured for a nuntfier 



of material gramicidin, Irganox IGiO. PET, and PSZ0OO. The 
experiment entails systematically monitoring rhe decrease hi ion 
yields as a function of ton ttesft up to and beyond the static Bmti. 
10 W primary Impacts cm 2 . The full details of these KXperht j&nts 
wi% be reported elsewhere as part of an wev«st?gation of the 
mechanism of sputtering of organic materials by C^. w Fur ihe 
purposes of this paper. Figure 7 tllustratps due data obtained from 
the low-nr»olecu!ar-weigr« polymer PS20fH). Dura from monolayer 
{A) and thick rnolUlay&f films (B) under CV bembardtnent arc 
presented 

It emi ?j« seen thac tidier Oran the signal at m/zZ% due to rhe 
silicon substrate, oil of the ion signals from the thin film sample 
decay exponentially ttiih inn dose in a manner observed for many 
primary ion/maierials systems. The rescuing cross sections 
observed from Ca 1 or da* bombardment of rhiti film organius 
and high-moiecuiar-wclght polymers arc very similar within a 
factor of ~2 in the range 1-6 * iO"? 4 crrc* (Table 2). However, 
the signal decay from the multilayer film is very much sluwer: 
indeed, wt£l>inthe flttence region, -1-50 x I0 !i primary impact, 
(he siRnais art* almost constant Consequently, Cp-szrai - 0.03 v 
j p-w enj?, /v similar value has been obtained for thick film Irganox 
1 610. These cros^ sections impl^ that very bttte ch<atnlcal damas& 
js being g en er ated i Cicarly. ( magggtftfjsj^^n g ; re miuyed, because 
for PS2000. if can be seen that bgyond 60- x tO 13 impacts, m/z 2ft 
from the s ilicon substrate starts to rfee> However, fhe switmwt. 
ja occffl i^ not, gctreratma $i^ nto nt chemkai STrugjurg Q*anm^e._. 
This yuHRtafis dial some organic malertais may be spattered uslna 
jwlvaicm t cs witli mintmal chamical da mage. Tn pr inciple, this 
should enable chemical depth profiling of such materials, Gillen 
and co-workers have reported similar observations with SF ? * and 
C B ~ (n= <5~i0) bombardment of glutamofe and acdylcolinc ami 
PMMA. 33 ' 35 When ill? interface- with the substratf? aluminum or 
silicon Ls appinached (as evidenced by an increase in the subsrrace 

Cmcn. Rotwrain. S. Rapid Cmmmn. qnineft iitO«, /?. 
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Fqpro?. ReToSve yioicl of t2wactorjstie positive fragment Ion interaitifas as a farietSon of pHm&ry tor* dose d©f*stiy ootafcved fncsti (a)a thin 
a^jprajBmalBJy monafsyer film of PS*20OO spsn*cast on a ^!lco» wafer under KWsoV bombardment and (b> a Weft mtfWteyer «tn> of PS- 
S0OO under IC-koV C» + bowbartkmnL 



secondary fcoi sigsal), Che. disappearance rates do Increase 
significantly, En contrast, the disappearance trass sections ob- 
served for Cm sputtering of a thick sett-supporting films of high- 
molecular-weight PET are not low m$ ere similar to those due to 
galliimisp«tteiarig. The reasons ftsr the variation in jdfeappearasnce 
cross section using, Cso wiU be considered elsewhere; rrowfever, 
these data allow us to compute the yield eSlciendes. These are 
also tabulated in Table 2. In all oases, Cso delivers very consider- 
able Increases m efQdeney. but the increases are particularly large 
for the thick samples of PS2O0O and trganox where the disap- 
pearance cross sections are very low. However, in these latter 
eases* because die Rims of material ere thick, the ion yields are 
actually being measured relative to the d^r»e ofchemtiai&ntawiat 
dajus^s g&i&F&tfid, NOT the amount of material removed. An 
external measure of material removed would be required to get 
a strict measure of efficiency,, However, the reported parameter 
does suggest that for some materials, analysts of thick samples 
using (V primary kms does not need to be Ihniied by the static 
Omit The high efficiencies Imply that high yields can bo obtained 
firom chemically relatively endamaged surfaces through the use 
of high primary ton finance levels. 

A&SES^iEgfT €W THE Gm ION S*VSTOyi ¥€M 



One of the primary alms behM the development of the C« 
km beam system was to radically increase the kst yield efficiency 
to enable TOF-StMS analysis of bioorgank systems with good 
spatial resolution. In a 500- * 500-nrn pixel area, there are only 
—!0$ molecules. Conventionally, since SIMS Is destructive. It Is 

(34) Faoox El Ha Ctnen.C; Wyesandara. M B, .fc WaKaea. E.: Hantey. L i 

«0* Cfasm. B2001, /£& 
{353 GUlcn, G.-. King, JC: Frefoattntn Uroau, R.: Bttinen. X; Cfaaar*. F. / 

tec TWfeiaL >3 2001, IS. 568. 



necessary to maintain the ios* beam 0uence well bdow 18* 3 
primary Impacts co ensure that sialic Conditions apply: !&• that 
no more than 1% of a monolayer is removed, and that minimal 
chemical damage occurs. The Ion yield Is usually <iQ~h conse- 
quently, there will be fewer than 10 torn detectable per pixel, far 
too few for an informative mass spectrum! Since the transrnfcsswm 
of modem TOF-SIMS instruments is dose to optimum, the only 
means of increasing the signal intensity is by increasing the Ion 
yield by around 2 orders or relaxing ifte static a^t requirement. 
The studies reported here demonstrate tnai a -based ioa beam 
system «mables both aims to be attained Sbr a riurnb«- of important 
classes 06 organic and bio-organic iM«4als vHthoot rancomltartt 
increases in low-mass fragment yield. From most materials, other 
than FIFE, total secondary ion yields are 1-2 orders higher than 
those observed with gaTBum. Total yields with UWteV CWare in 
the region of the required 1055 or more, Furthermore, for some 
thick £kn materials, the disappearance cross sections are close 
to zero, such that ion yield e^fetencks compared to gallium are 
IfF braes higher. For such materials, it Twcdd appear mat the 
static primary dose limit couM be ignored, providing even higher 
yieMs. The benefits of this Hot high soaddresoluo^n analysis are 
highlighted as follows: The total number of ions NQQ that can 
be geaaratrd from a gfven s ample area, A, can be sm^jy cakufeted 
as BA. Reference to the final column of Tabled shows that using 
Chi. the higher efficiencies would to ftffadpfe enable informative 
spatially resolved analysis at k&srto the 100- * iGttetm pixeHevei 
The data suggest that eombin&ig groups of characteristic peaks 
over a taoge of mJz should a0bw analysis at ibis resolution down 
to the 1% level for multilayers of some molecular solids. 

Even where disappearance cross sections are more akin to 
those obtained with other atomic ions, from thin films or PET 
films, C» yield efficiencies are still Lfl-iO* times higher, and 
relative efficiency increases with mass- In these cases, vmfie 
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analysis to 100 nm resolution might be possible in only very 
favorable cases, 500-oitt resolution should be accessible. At 
present, Ihs spatial resolution of the ion beam system is limited 
to 1 pxnc however further rievelopmerU; of the source and inn optics 
promise to deliver 100-nm resolution, -which will enable die analyst 
to take full advantage of the analytical capability of the Qs ion 
beam. However, it is feaportant to bear in mind that ihe present 
experiments have been Jimited to a IZ&keV beam energy* If it is 
assumed that C«a completely disstsdaitis, which as we have said 
fe by no means certain at these energies, each impact carbon atom 
would have an energy of only 166 eV. The penetration depth wffl 
be minimal a few angstroms. Hie energy dependence stupes, 
"Figure 5, show that the yields at least double at 20 keV awl more 
than triple by Sfi keV. Such m increase in primary energy that 
wfil be implemented with (he updated power supply and Will also 
Improve the spatial resolution attainable by the* present beam 
system. The C® too beam system therefore provides tnuch of tha 
radical unprovement in secondary Ion yield that fe required to 
preside- the sensitivity levels required, for example, for cellular 



sptrnrE^f^ compared to carom 

. Our overall conclusion is that the Q» represents a considerable 
advance on atomic fern beam systems for TOF-SIMS, How does it 
compare wit!? other polyatomic primary beams? As outlined in 
the Bttfodusctiaa, over the years, a number of different polyatomic 
ion beam systems have been sttidLed; however, despite favorable 
results, most hare not been put Into routine use, 

The gold cluster beams that the Qrsay group Investigated have 
been successfully developed farther in our laboratory 565 am! wfll 
be the subject of a subsequent paper. 26 The comparative data 
reported firs Figure 4 shows that gold offers significant benefit 
for practical analysis. The yields observed with 10-ke-Y Au a * are 
not dramatically lower than with 10-keV Cw*; however, such 
evidence re we have at present suggests that dlsappe^nce cross 
sections will be significantly greater than with Energy per 
impacting Ail atom wifi be 3333 eV, so this is not surprising. 
However, as a liquid metal source, high spauai resolution will be 



much snore easily attained, and it is expected In this laboratory 
to be the ion of choice for very Itigh spatial resolution analysis. 

Hie studies referred to above hi which GfUen and co-workers 
studied .the ion yields from Kims of tryptophan under 14-fceV 
negative Ion C 0 " bombardment on a Camera IMS 4f instrument 
show a dear enhancement of CM — H)~ yield by a factor MO 3 
between C, and do 3 *. Tryptophan negative ion spectra are 
delayed for negative inn C*, C«» Cj, and bombardment. 
It does seem that there may be a relative increase hi low-mass 
fragmentation, although in the absence of quantitative data, it is 
not easy to be sure. Indeed, ft Is difficult to compare the overall 
yield and efficiency behavior with the present results, because 
useful yield data is not reported, and while it is dear from the 
glutamate fllna depth profile presented that low damage cross 
sections must apply, no quandtatrve data is provided. 

While we do not have a SI 7 * 1 * beam Hoe. we have sought to 
c omp are the yield enhancements obtained in this worfe with Ce&* 
with those obtained by the MOnster group with 15-keV SF S ^. It Is 
difficult to make very accurate comparison vyhen the absolute 
detection dlkieucy of the tmimsirumems used is oottovmand 
the beam energies used am different The data reported in ref 
19. in which the yields from polymer surJaoesr-PET, PS, PTFE. 
PC, PP, PEG. and Ph4MA-imder Ar + . Xe + , and SF 5 + bombard- 
ment did nc4 report on gataa yiekb. We have therefore obtained 
yield information on our samples of PS2000 and PET from an 
lOrCTOF IV Insnunient at ^usrfn$ both grfBum and SF S + . Table 
3 reports the dbia and demonstrates that the absolute yields from 
1PS2C0O asing lu^nd lS-keV pStosa amvery closely smular using 
the two feistruments. Thus, compare the yields obtained 

from PS2000 and PET vtfnr tf&V SFs and KMteV Cm with a 
reasonable degree of confideW.it seems lhat the yields are on 
a par. Cieariy, the energy tbe «Hnponest mms after fragmeo 
tobon at impact will be very ^gerent- Their sputtering darac- 
teristics and, hence, tiheir p^ration depths will ii&r. After 
impact at !0keV, assuming^ fea^seittatioa of Caj (see 
proviso eadier). each carbon atrki -will have 166 eV of energy; 
the penetration depth will only be a few angstroms. However, in 
the case of 15-fceV SPs the suHur atom will have an energy of 3.8 
keV and the Ouorine atoms, 2.24 kW- T>vey wtt) ibereJbre penetrate 



1762 An&Sftk&fChemmy, VU 76, Na. r. Aprii 1. 2003 



[#Sr\i 2003-368372(15.10.29) 



weU bdow the surface and into the substrate. The disappearance 
crass sections probably reflect the resulting subsurface damage- 
Whereas for Shin film PS2000 using Ceo ^vt cross sections are 
around I x 10" M era 2 , those for SP^ as reported in ref 19 for 
polystyrene (molecular weight undefined) are around S it 10" u 
cm* Corjsequenliy, the efTtdenci6$ Far Cso are 5 times greater 
than for §?% However, as mentioned in ihe last section, it can be 
expected thai yields with a 30-keV C® beam should be at least 3 
times greater than with the present 10-keV beam, the energy per 
carbon atom will still be only 500 eV v so disappearance cross 
sections should not be dramatically increased. Further efficiency 
Increases should be possible. 

Sputtering by CW There are two remarkable observations 
In regard to die spuriedng of the organic materials by ItMteV 
The first Ls that on thin films and thfck film PET. the disappearance 
cross sections are very similar to and rarely greater than for 1(V 
fceV gallium. The second is the very low signal decay observed 
for Cg® skittering of thick films of PS20G0 (Figure 7) and Irganox. 38 
The resulting cross sections are In the range 0-0-3—0.09 x lfr u 
cnrl Consequently, die efficiencies are further enhanced While 
Hie SFj* data already referred to demonstrate that to many cases, 
this ton generates mom damage than atomic Sous, Gfljen et at 
have reported that sputtering thin films of gJutsmate and acetyl- 
echcHne as well as a sample of FMMA using 5-keY SFg"* can result 
in low-damage sputtering, enabling the material to be depth* 
proHle&sws Tlife phenomenon is clearly associated with the 
mechanisms of poiystoirsic sputtering, A consensus is emerging 
frcm the experimOTtal and Mt> simulation studies that the evident 
sputtering of large molecular Ions and fragments by atomic 
primary lorn Is a consequence of the generation of a fiutmber of 
cascades within the substrate material that cooperate to deliver 
sunuftaueous upward isnpacts over a wide area, enabling the large 
species Is move off into the vaanjra. men an organic material 
Is bombarded by an atomic projectile, there are a number of 
posslHi* sputtering scenarios, not all favorable for the emission 
of the large malecvAat swedes we Ideally seek, Defeerie et al L& 
have identified four, ranging Bum low action/low yield through 
tow action/high yield, high action/low yield to high action/high 
yield. It is the high action/high yield events ihai are shoi#n to be 
partfcuiarly favorable for die emission of large molecular entities. 
Overlapping subcascades are generated In the surface region, 
resulting a high energy density, leading to the simultaneous 
nootftm of a major fraction of the atoms (n the excited volume. 
These studies have recently been extended to consider the effects 
when large organic structures are sputtered. 36 The simulation 
suggests that the initial interaction gives rise io atomic CoUiaon 
cascades, but there is then a Transition to a molecular vibrational 
motion regime. This vibrational excitation sets up a collective 
molecular motion resulting in the emission of large polyatomic 
dusters. For emission t» occur, the collective motion has to be 
upward. This collective motion will be greatly facilitated by 
polyatomic bombardbnent** If we imagine that the C«j sphere 
Initially Impacts intact, since the diameter -of the sphere is ~7 A. 
the area of imp®d would -40 A 2 , so the maximum energy density 
dissipated into the surface for a IfrfceV Impact would be —250 
eV/A* 13 times less flian to* 10-keV Ga* which has a radius of 
-I A. yielding an Impact area of XI A* and, hence, an energy 

(385 Deteorls, A: SertraiHt, P.; Garrison B. I J Phjx Chetn. 2001, 105. 94741. 
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density of -3226 eW A z . Suffice to say here that the lower impact 
energy of the fragmented components of die bombarding poly- 
atomic means that energy is largely deposited in die surface region 
over an expanded area, as. compared to an atomic Ion, The 
excitation would be expected to be preebmtoamly v&rational in 
the surface region, so most of the molecules and fragments 
emitted wifi be from the surface. Compared to ha^enerpY atomic 
jronabardment there would, be expected t o be m uc h toss sub- 
surface damage. If the prc*ess_Qn_l?ft off whole mpjecutfes or 
^ffli^^kr cotdd be Mkened to 

^pro gressive neatog cf an onion, the subsurface be foff lately 
undamag ed Thus, m the case of FS200H and Irganox. the 
materials are made up of molecules of 1200-2006 or 3000 Da. 
We have shown that Csg is able to lift off molecules of this size. 
Ctearfy in the sputtering process, some of these molecules will 
be fragmented, but the basic building block of the material can 
fee peeled off imaci Howewer, C$§ sputtering of thfcMHro PET 
does not show this behavior; disappearance cross sections are; 
comparable with gallium, This Is a very high molecular weight 
material. It is not possible to remove oligomers or fragments 
without multiple bond breaking; furttontore, the pointer chains 
are entangled. Sputtering will entail considerable structural 
disruption aifectog, both snrface and subsurface; thus, h Is 
perhaps not surprising that disappearance cross sections are high. 
Our hypothesis Is. therefore, 1hatC» sputtering of thick organic; 
materia can be carried out with tow levels of strnc&jra! damage 
if the material is composed of smailpsh) molecular units (Jess 
than a few kiiodahon} held together by noneovalenl forces. 
Materials composed of very large extended urrits, as tn high 
molgculaX'Wdght polymers, might be expected to be damaged at 
a much higher rate. We are fn the process of exploring this 
hypothesis further, and this wiM be the subject of a subsequent 
paper. 50 Very recent work has shown thai Cm spattering of a thick 
film of PS1QO 000 does result in disappearance cross sections 
couiiparabte to those observed from PET, This contrasts with the 
PS2OD0 data and would tend to support our hypothesis* Cfearry. 
our ccflicmsions so &r seem to be partly in agreement and partly 
at variance with the abserraliim of Gtflen et. al. using SF* however, 
much more work h required to probe the degree Id which 
polyatomic sputtering of organic rnaterials is specific to the 
physical state, the chemistry, and the identity of the primary Ion, 

A practical Cw ion bean system has been developed thai 
delivers at least I nA of C»+ enmat « 10 JceV in to a * (tym spot 
The system is capable of stiE3^L^pst^3 resofeokm wim tU-nA 
beam current. A C m charge J^ a ^etiine "of >5€0 h, 

Cfo + bombardment of some r^p^etttaiiv® organic materials 
results In yield enrjgmcen?eni&t^ as compared 

to yields observed under f^§k|Sb^^ 
with total Ion yields tat the t^d^'irrtfk. 

Disappearance (damage) '^^t^bcHoos tsnder Cm bmnhard- 
raent are observed to be dftjfgjgfi^^ the dhennstry and me 
plrysdcal slate of the material. H^mde^^nWwe^kt polymery and 
monoiayer films of mclectnV are damaged at about the 
same rate as under Ga + borntodrnenL TOrjtjShns of molecular t 
solids sho w ^tremely iow levels of damage as if the molecnles 
are befog peeled off the surface, leaviog very little subsurface^ 
damage. For such materials, the static limit could be abandoned. 
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Cm* primary ion bombardment delivers no more molecular #U^090SKItJEiX5ifflEftfT 

B^gmerrtata than any other primary projectile used In SIMS. The work reported here wastaied by the UK. Engineering 

Meed, in most cases studied here, there Is less fragments*!**!! aad Physical Sciences Research Council (EP&RC).. The authors 

ami a vvry dramatic increase In "molecular" ion yield. are very grateful to Dr. Ian Gftmore of the U.K. Natiooal Physical 

The overall yields efficiencies are tO 2 - W* higher us^g C to + Laboratory for the provision of analysis data or the PS2Q0D &ad 

as compared toataa.t primary ioas dependtni or chemistry assd P£f samples using 5F$*. 
physical state. 

Taking the Ion yieJii enhancements logeiher with the possi- 
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many materials, C$e has the potential k* deliver the performance January 31 . 2003. 
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